C?T%G/tf 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(Tj) Publication number: 0 469 766 B1 



12 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication of patent specification : 
06.12.95 Bulletin 95/49 



% int. ci. 8 : G01N 33/50, G01N 33/531, 
G01N 33/569, G01N 33/96 



@ Application number: 91306643.7 



(22) Date of filing : 22.07.91 



(54) Preservation of cells as controls or standards in cellular analysis. 



(30) Priority : 23.07.90 US 556934 



(43) Date of publication of application ; 
05.02.92 Bulletin 92/06 



@ Publication of the grant of the patent : 
06.12.95 Bulletin 95/49 



(84) Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IT U LU NL SE 



(si) References cited : 
WO-A-90/04329 

CHEMICAL ABSTRACTS, vol. 101, 08 October 
1984, Coiumbus, OH (US); p. 563, no. 128737s 



CQ 

<0 
CO 

o> 

CD 



0. 

LU 



@ Proprietor : Becton Dickinson and Company 
One Becton Drive 

Franklin Lakes, New Jersey 07417-1880 (US) 



72) Inventor : Davis, Kenneth A 
1042 Mercedes Avenue 
Los Altos, CA 94022 (US) 



(74) Representative : Ruffles, Graham Keith et al 
MARKS & CLERK, 
57-60 Lincoln's Inn Fields 
London WC2A 3LS (GB) 



Note : Within nine months from the publication of the mention of the grant of the European patent any 
person may give notice to the European Patent Office of opposition to the European patent granted. 
Notice of opposition shall be filed in a written reasoned statement ft shall not be deemed to have been 
filed until the opposition fee has been paid (Art 99(1) European patent convention). 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 469 766 B1 



2 



Description 

Background of the Invention 

This invention relates to the use of dried cells 
which can be stored, rehydrated and used as controls 
or standards, and in particular, relates to the use of 
mammalian cells fixed with a fixative, reduced with a 
Schiff's base reducing agent and thenfreeze-dried in 
the presence of trehalose which when rehydrated re- 
tain their light scatter properties and labelling proper- 
ties when labelled with cell markers such that they 
can be used as standards or controls in cellular ana- 
lysis such as flow cytometry and other forms of image 
analysis. 

Background of the Invention 

Cellular analysis generally comprises the analy- 
sis of cells. This analysis can include visual inspection 
via light or fluorescent light microscopy and can fur- 
ther include automated analysis by means of image 
analysis and flow cytometry. In each instance, cells 
are stained with one or more labelled cell surface 
markers, fixed in a fixative and then examined. Exam- 
ination of the cells and their markers can provide in- 
formation regarding the lineage of the cell and/or Its 
maturational stage. 

In all forms of cellular analysis, including those 
described above, it is important in many instances to 
provide for controls and/or standards in order to en- 
sure that the experimental or clinical results obtained 
are valid. For example, the procedures used to pre- 
pare specimens of cells are subject to a variety of con- 
ditions which can effect how the cell will be viewed 
during analysis. A control cell which has the proper- 
ties expected from the specimens in the sample can 
provide a control or standard by which to confirm 
proper cell preparation. Controls and standards are 
particularly important in flow cytometry and image 
analysis. 

Flow cytometry comprises a well known method- 
ology for identifying and distinguishing between dif- 
ferent ceil types in a non-homogeneous sample. The 
sample may be drawn from a variety of sources such 
as blood, lymph, urine, or may be derived from sus- 
pensions of cells from hard tissues such as kidney or 
liver. In the flow cytometer, cells are passed substan- 
tially one at a time through one or more sensing re- 
gions where each ceii is interrogated by an energy 
source. The energy source generally comprises 
means that emits light of a single wavelength such as 
that provided by a laser ( e.g. , He/Ne or argon) or a 
mercury arc lamp with appropriate filters. 

In series with the sensing region, various light col- 
lection means, such as photomultipfier tubes, are 
used to gather light that passes through each cell 
(generally referred to as forward light scatter), light 



that is reflected orthogonal to the direction of the flow 
of the cells through the sensing region (generally re- 
ferred to as orthogonal light scatter) and one or more 
light collection means to collect fluorescent light that 
5 may be emitted from the cell as it passes through the 
sensing region and is interrogated by the energy 
source. 

Flow cytometers further comprise data recording 
and storage means, such as a computer, wherein sep- 

10 arate channels record and store the light scattered 
and fluorescence emitted by each cell as it passes 
through the sensing region. By plotting orthogonal 
light scatter versus forward light scatter, one can dis- 
tinguish between granulocytes, monocytes and lym- 

15 phocytes in a population of leukocytes. By electroni- 
cally (or manually) gating on only lymphocytes using 
light scatter, for example, and by the use of appropri- 
ate immunofluorescent markers, such as monoclonal 
antibodies labelled with fluorochromes of different 

20 emission wavelength, one can further distinguish be- 
tween cell types within the lymphocyte population 
( e.g. , between T helper cells and T cytotoxic cells). 
U.S. Pat. Nos. 4,727,020, 4,704,891 and 4,599,307 
describe the arrangement of the various components 

25 that comprise a flow cytometer and also the general 
principles of its use. 

There are a number of variables that may affect 
the use and operation of a flow cytometer. One vari- 
able relates to the measurement of light scattered by 

30 or fluorescence emitted from the cells that pass 
through the sensing region. Another variable may be 
in the method of sample preparation and in particular 
the method by which immunofluorescent markers are 
reacted with the cells in a sample. Unless the instru- 

35 ment is properly calibrated to record scattered and 
fluorescent light and/or unless the method of staining 
the cells with immunofluorescent markers is consis- 
tent, there can be no assurance that the data record- 
ed can be relied upon from one experiment to the next 

40 or from one day to the next for any given instrument. 
Presently, there exist methods which make use 
of both blank and fluoresce ntly labelled microbeads 
which may be used to align and calibrate the fluores- 
cent channels of a flow cytometer. For example, U.S. 

45 Pat. Nos. 4,774,189 and 4,767,206 describe a meth- 
od for using such microbeads to calibrate a flow cyt- 
ometer. While it is indicated in these patents that the 
microbeads should have the light scatter pioperties of 
the cells to be examined in a sample, because these 

50 beads consist of polymeric microparticles, they can- 
not truly duplicate the light scatter properties of the in- 
dividual ceils. Similarly, preiabelled microbeads can- 
not be used to determine whether the staining proce- 
dures are being appropriately carried out. According- 

55 ly, the above-described microbeads provide only a 
limited ability to standardize the operation of a flow 
cytometer. 

It would be preferable to align the light collection 
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means in a flow cytometer using a standard that mim- 
ics the cells to be studied in a sample. For example, 
if one were examining normal human peripheral blood 
leukocytes, it would be desirable to have a standard 
comprised of such leukocytes and have a standard s 
plot of light scatter obtained from such cells accom- 
pany the standard cells in order to check the align- 
ment of a flow cytometer. It also would be desirable 
to have normal cells prestained with immunofluores- 
cent markers as controls to determine if fluorescence 10 
parameters, such as sensitivity of the photomultiplier 
tube(s) and fluorescence compensation, have been 
correctly adjusted. In addition, it would be desirable ' 
to stain such normal cells with the immunofluorescent 
markers to be used in conjunction with the staining of 15 
a cell sample as a control and to compare the result 
obtained with a standard plot in order to determine if 
the method of staining were correct. 

Flow cytometry, however, is not the only form of 
cellular analysis where such properties are desirable. 20 
Image analysis generally comprises an automated (or 
semi-automated) means by which cells prepared on 
a slide are examined. The means generally comprise 
high resolution optics which converts the optical im- 
age by a camera which, in turn, is connected to an 25 
analog to digital converter to digitize the image ob- 
served in a field on the slide and further includes logic 
means for pattern recognition of cells. The camera 
further can be used to detect fluorescence emissions 
when the cells have previously labelled with fluores- 30 
cently labelled cell surface markers. One such sys- 
tem for image analysis is commercially available un- 
der the tradename CAS™ which is distributed by Bec- 
ton Dickinson and Company and which is further gen- 
erally described in U.S. Pat. No. 4,741,043. Another 35 
image system similar to this is described in U.S. Pat. 
No. 4,202,037. 

In either form of image analysis, it would be de- 
sirable to provide control slides having cells deposit- 
ed thereon which would be similar to those to be 40 
viewed in a sample both as a standard and as a pro- 
cedural control. U.S. Pat. No. 4,741,043 describes a 
control slide of this make up and further describes 
how such a slide could be used. The patent does not 
describe, however, how the cells on the slide are pre- 45 
pared, and does not describe, therefore, whether 
such cells have the characteristics of the present in- 
vention. 

In a further form of cellular analysis, blood (or 
other body fluid) samples can be prepared for manual so 
visual or semi-automated viewing when collected in a 
capillary tube. This system, which is commercially 
available from Becton Dickinson and Company under 
the tradename QBC™ and which is further described 
in U.S. Pat No. 4,190,328, generally comprises a ca- 55 
pillary tube which contains a cylindrical mass having 
a specific gravity such that it will float in one of the 
cell layers wh n a blood sample drawn therein is 



separated by centrifugation. The mass is selected 
such that it will form a thin annular space in the tube 
into which the cells will be crowded, thus increasing 
the concentration of cells in a restricted area. The 
tube then is examined with the aid of either a micro- 
scope or automated reader. 

The tube may include cell markers dried in the 
tube which then are rehydrated upon addition of the 
fluid sample. It would be desirable, however, to fur- 
ther provide tubes filled with dried cells which could 
be rehydrated in a buffer and then examined as con- 
trols or standards and compared with cells in a spe- 
cimen. 

Until recently, it was not thought possible to pre- 
pare standards or controls such as these. Principally, 
the difficulty resided in the fact that cells which could 
be used as a standard ( e.g. , a specific cell line) could 
not be dried and stored for later use without signifi- 
cantly disrupting the light scatter properties of the 
cell. It is known, for example, that upon air-drying or 
freeze-drying that water in the lipid membrane of a 
cell and/or within the cell's organelles will cause the 
membranes to be disrupted upon drying, thus caus- 
ing a significant alteration in the light scatter proper- 
ties of the cell. 

Previously, it also was widely believed that if the 
cells were fixed with a fixative agent (e.g. , parafor- 
maldehyde) before the cells were dried, some of the 
light scatter properties of the cells would be pre- 
served, but it would not be possible to label the cells 
with a cell surface marker, such as an immunofluor- 
escent marker after fixation. Thus, it was thought that 
it would not be possible to use such ceils as a control 
for determining proper immunofluorescent staining 
procedures. While "fresh" cells might avoid each of 
these limitations, the ability to store and maintain 
such cells among the many persons practicing cellu- 
lar analysis is not practical. 

Accordingly, it is desirable to have dried cells that 
retain light scatter properties and also retain the abil- 
ity to be tagged with cell surface markers. 
PCT WO90/04329 describes lymphocytes dried in the 
presence of 10% trehalose. The dried ceils are then 
stored for later use as controls in flow cytometry. 

A problem encountered through the use of any 
ceils that have been fixed, however, is that autofluor- 
escence of the cells increases with time. Autofluores- 
cence is a property of most mammalian cells and is 
believed to be due to the presence of pyridine and fla r 
vin molecule which, respectively, impart UV-excited 
blue and blue-excited green fluorescence to cells. 
The amount of autof luorescence from unstained cells 
can be so great as to mask the measurement of weak 
fluorescent signals ( e.g. , cells labelled with fluores- 
cein labelled monoclonal antibodies). As a result be- 
fore the present invention, cells increased in auto- 
fluorescence with time hence masking the fluores- 
cent emmission(s) from the fluorescent marker(s). In 
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the present invention, it has been suprisingiy found 
that by reducing the cells with a reducing agent for 
Schiff's bases afterfixation but before drying not only 
maintains the light scatter properties of the cell but 
suprisingiy maintains autofluorescence at essentially 5 
background levels without effecting any other proper- 
ties of such cells. 

Summary of the Invention 

10 

The present invention comprises a cell which has 
been fixed, reduced and then dried in the presence of 
a protein, membrane stabilizing compound which pre- 
serves the light scattering properties of the cell and 
preserves the ability of the cell to be tagged with cell 15 
markers upon rehydration. The cells useful in this in- 
vention may be derived from any source including 
normal blood, bone marrow, lymph or solid tissues or 
may be derived from abnormal tissues such as leuke- 
mias or solid tissue cancers. The cells further may be 20 
provided already having been tagged with one or 
more markers prior to drying. 

The present invention further provides a method 
for preparing cells which retain their light scatter prop- 
erties and their ability to be tagged with ceil markers 25 
wherein the method comprises 1 ) fixing the cells with 
a fixative, 2) reducing the ceils with a reducing agent 
for Schiff's bases, such as cyanoborohydride, 3) mix- 
ing the cells with a protein, membrane stabilizing 
compound in sufficient quantity to prevent denaturi- 30 
zation of the proteins and other macromolecules that 
comprise the cell and to preserve the light scatter 
properties and ability to be stained with such markers 
and 4) drying the cells. In this method, the cells may 
be dried at a temperature above or below the freezing 35 
point of water. The cells also may be dried at a pres- 
sure above or below atmospheric. It is preferable to 
f reeze-dryjor Jyopholize) the ceils. 

The cell markers that may used in the practice of 
this invention generally comprise any label that reacts 40 
with a structure on the surface of or inside the cell. 
Such markers generally comprise antibodies (either 
polyclonal or monoclonal), preferably the antibodies 
are monoclonal. The markers may be tagged with a 
stain that provides for visualization of the marker. Ex- 45 
amples of such stains include fluorescent dyes ( e.g. , 
phycobiliproteins, fiuoroscein, rhodamine or cyanine 
dyes), radio- isotopes, liposomes (which may have in- 
corporated fluorescent dyes incorporated therein) 
and enzymes (which will catalyze a color forming or so 
coior eliminating reaction). The specific combination 
of a monoclonal antibody and fluorescent dye com- 
prises an immunofluorescent marker. The choice of 
marker and the stain attached thereto is not critical to 
the practice of this invention. It also should be appre- 55 
ciated that ceils markers may further include nucleic 
acid stains, such as those described in U.S. Pat No. 
4,544,546, and more particularly stains of the type 



described by formula III therein. 

The present invention further comprises a meth- 
od and kit to calibrate a flow cy tome ter which compris- 
es rehyd rating the fixed, dried cells of the present in- 
vention, running the cells through a flow cytometer 
and comparing the light scattering results attained 
with those provided as a standard plot. In this embodi- 
ment of the invention, the dried cells may also be lab- 
elled with one or more cell markers. If the cells are lab- 
elled, the fluorescence channels also may be calibrat- 
ed. Labelled cells also may be used as a control for 
calibration and compensation of an instrument cali- 
brated with a microbead standard as described 
above. 

The present invention still further comprises a 
method and kit comprising control cells for fluores- 
cent staining procedures whereby a cell is fixed, re- 
duced and then dried with a protein, membrane sta- 
bilizing compound, is rehydrated and then stained 
with one or more cell markers, run through a flow cyt- 
ometer and the fluorescence emission(s) recorded is 
compared with a fluorescence standard plot 

The present invention also comprises a control 
slide kit for image analysis" comprising cells which 
have been fixed, reduced and then dried onto a slide 
or into a capillary tube with a protein, membrane sta- 
bilizing compound. The slide then may be examined 
upon rehydration. 

Brief Description of the Drawings 

FIG. 1 comprises several plots of orthogonal light 
scatter vs. forward light scatter (A,B) for normal per- 
ipheral blood mononuclear cells stained with Anti-Leu 
2a (PE) and Anti-Leu 3a (FITC), with a gate drawn 
around the lymphocyte population, and plots of log 
fluorescence (C,D) for the gated population wherein 
the ceils were stained and examined without fixation 
(A,C) or were fixed in 0.1% paraformaldehyde, 
freeze-dried in a solution of PBS containing a 10% 
trehalose, rehydrated and then stained (B,D). 

FIG. 2 comprises four plots of orthogonal light 
scatter and forward light scatter for normal peripheral 
blood mononuclear cells fixed in 0.5% paraformalde- 
hyde and either air dried at 37°C (A,B) or freeze-dried 
(C.D) in a solution of phosphate buffered saline (A,C) 
or 10% trehalose (B,D). 

FIG. 3 comprises three plots of orthogonal light 
scatter vs. forward light scatter for HPB-ALL cells 
fixed in 0.1% paraformaldehyde and examined (A) or 
fixed and then freeze-dried in a solution of phosphate 
buffered saline (B) or 10% trehalose (C). 

FIG. 4 comprises three plots of orthogonal light 
scatter versus forward light scatter for C6VL.1 cells 
freshly prepared (A) or freeze-dried in phosphate buf- 
fered saline (B) or 10% trehalose (C). 

FIG. 5 comprises several plots of log mean fluor- 
escence for peripheral blood mononuclear cells, gat- 
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ed for the lymphocyte population, fixed in 0.5% par- 
aformaldehyde, reduced in 0.2mg/ml cyanoborohydr- 
ide, stained with Anti-Leu 4 (FITC) and Anti-Leu 3a 
(PE) and examined directly (A) or then freeze-dried in 
a solution containing 10% trehalose and stored at4°C 
for 4 days (B) f 49 days (C) or 102 days (D) prior to re- 
hydration and examination. 

FIG. 6 comprises several plots of orthogonal light 
scatter versus forward tight scatter for peripheral 
blood mononuclear cells fixed with 0.5% paraformal- 
dehyde, reduced in 0.2mg/ml of cyanoborohydride (A- 
D) or non-reduced (E-H) and freeze-dried in a solu- 
tion of phosphate buffered saline containing 10% tre- 
halose when measured over time. 

FIG. 7 comprises several plots of autofluores- 
cence for peripheral blood mononuclear cells, gated 
on the lymphocyte population, fixed with 0.5% paraf- 
ormaldehyde, reduced in 0.2mg/ml of cyanoborohydr- 
ide (A-D) or no n- reduced (E-H) and freeze-dried in a 
solution of phosphate buffered saline containing 10% 
trehalose when measured over time. 

Detailed Description of the Invention 

In one embodiment of the present invention, cells 
are fixed with a fixative, such as paraformaldehyde, 
reduced in the presence of a Schiff s base reducing 
agent, such as cyanoborohydride, stained with one or 
more cell markers, dried In the presence of a protein, 
membrane stabilizing compound for use as a control 
or standard in cellular analysis. In another embodi- 
ment of the present invention, cells are fixed in the 
presence of a fixative, such as paraformaldehyde, re- 
duced in the presence of a Schiff s base reducing 
agent, such as cyanoborohydride, dried in the pres- 
ence of a protein, membrane stabilizing compound, 
rehydrated and then labelled with one or more cell 
markers as , a Lpqntrol for sample staining procedures 
in cellular analysis. In both embodiments, surprising- 
ly, upon rehydration, the cells retain their light scatter 
properties without an increase in autofluorescence, 
and in the second embodiment, retain their ability to 
react with cell markers. These properties are critical 
to their intended use. 

The types of cells that can be dried and used as 
standards or controls should be similar, if not identical 
to, the cells expected to be present in samples to be 
later analyzed. Preferably, the cells to be dried com- 
prise leukocytes and more preferably comprise one or 
more subsets thereof such as peripheral blood mono- 
nuclear cells ("PBMC"). In another embodiment, one 
or more leukocytes subsets, such as lymphocytes, 
monocytes and/or granulocytes (or further subsets of 
each), may be used. Leukocytes, and subsets there- 
of, may be derived from normal healthy donors that 
may be separated from erythrocytes by means of ly- 
sis and/or density dependent centrifugation or may 
be derived from normal cell lines established by the 



user or by a cell line depository such as the American 
Type Culture Collection, Rockville, Maryland 
("ATCC"). 

If the cells in a sample are believed to be abnor- 
5 mal, the cells to be dried as standards or controls may 
be derived from abnormal donors or, more appro- 
priately, may be derived from a variety of abnormal 
cell lines. A number of human and other species tu- 
mor cell lines have been deposited with the ATCC and 

10 may be obtained from them. Cells from these tumor 
ceil lines may then be dried as standards or controls. 

The selection of the stabilizing compound Is de- 
pendent upon its ability to protect proteins and mem- 
branes of the celt from denaturization and to preserve 

15 the light scatter properties of the cell as well as to pre- 
serve the ability of the cell to react with cell markers 
upon rehydration. A number of such compounds exist 
and have been described for the preservation of a 
number of substances including tumor necrosis factor 

20 (U.S. Pat. No. 4,457,916), meningococcal-capsule 
polysaccharides (U.S. Pat. No. 4,206,200), heat- 
killed viruses (EPA 86116691.6), "proteins or other 
macromolecules, such as enzymes, antibodies, anti- 
gens, serum complement, fluorescent proteins, vac- 

25 cine components and polysaccharides" (U.S. Pat. No. 
4,891,319) and antigen or antibody labelled polystyr- 
ene beads (GB 2016687B). Generally, a number of 
compounds have been tried by others and the group 
comprising mono-, di- and polysaccharides most of- 

30 ten were used. In particular, the disaccharide a-a-tre- 
halose was preferred. 

Trehalose is a naturally occurring disaccharide 
which may be obtained from Baker's yeast. See Stew- 
art et a]., J. Am. Chem. Soc, 72:2059 (1950). Treha- 

35 lose is known, in nature, to protect the lipid mem- 
branes and cell organelles of a variety of species such 
as yeast and brine shrimp from denatu ration during 
periods of desiccation. Generally, trehalose may 
comprise up to 20% (w/v) of a cell. In the references 

40 presented above and in particular in U.S. Pat No. 
4,891,319, a percentage from between 0.05 to 20% 
by weight of trehalose and more particularly a ratio of 
trehalose to protein of 1 .4: 1 by weight is preferred and 
appears sufficient to prevent denaturation. 

45 The cells may be dried after fixation and reduc- 

tion but before labelling with cell surface markers or 
may be labelled after fixation and reduction but prior 
to drying. The selection of when the cells are labelled 
will depend upon the method of use. 

so Accordingly, in one preferred embodiment of this 

invention, PBMC are obtained from healthy donors 
and separated from whole blood by means of density 
dependent centrifugation. The resulting PBMC are 
fixed in paraformaldehyde, reduced with cyanoboro- 

55 hydride and then mixed with a solution containing be- 
tween 1% and 20%, 0,5 and 20% (w/v) trehalose and 
more preferably 5%. The resulting mixture .then is 
dried. While the majority of the above references re- 
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cite that drying may occur below the freezing point of 
water, U.S. Pat. No. 4,891,31 9 further discloses that 
drying may occur above the freezing point of water. 
It is preferred that drying be done below the freezing 
point of water. 5 

In order to illustrate the above embodiment of the 
invention, the following examples are provided. 

Referring to FIG. 1, PBMC were obtained by Fi- 
coll-Hypaque density-dependent centrifugation of 
blood from normal donors. For FIG.s 1A and 1C, two 10 
monoclonal antibodies, Anti-Leu 3a and Anti-Leu 2a 
(Becton Dickinson Immunocytometry Systems) were 
conjugated to the fluorochromes fluorescein isothio- 
cyanate ("FITC") and r-Phycoerythrin ("PE") respec- 
tively. Each of these labelled antibodies were added 15 
to the PBMC (in phosphate buffered saline ("PBS") 
and 0.5% bovine serum albumin ("BSA")) for a period 
of 20 minutes and then washed with PBS and 0.1% 
BSA. 

Referring to FIG.s 1B and 1C, PBMC were fixed 20 
in a solution of 0.1% paraformaldehyde for 18 hours 
at 4°C. After fixation, the cells were washed twice in 
PBS and 0.1% BSA and a 10% solution (w/v) of tre- 
halose in PBS was added. The cells in solution were 
freeze-dried in 12 x 75 mm polystyrene tubes. The 25 
cells were rehydrated In a solution of PBS plus 0.1% 
BSA for approximately 5 minutes. The cells then were 
stained with the innumofluorescence markers as 
above. All freeze-dried cells were stored at 4°C over 
a dessicant. Regardless of the timing of staining, 30 
PBMC then were run through a Bectori Dickinson Im- 
munocytometry Systems FACScan™flow cytometer 
equipped with Consort 30™ and Research Software. 
Data was acquired in list mode and stored for subse- 
quent re-analysis. Similar procedures were used for 35 
other cell lines. 

Referring to FIG. 1, orthogonal light scatter is 
plotted againstforward light scatter for PBMC stained 
and unfixed (A,C) or fixed, freeze-dried in the pres- 
ence of trehalose. As can be seen by comparing FIG.s 40 
1Aand 1B, the light scatter properties of the two dif- 
ferent preparations do not significantly differ. Accord- 
ingly, the presence of trehalose in the sample does 
not effect the light scatter properties of the cells. Us- 
ing the lymphocyte gate drawn, the fluorescence of 45 
the lymphocyte populations is shown In FIG.s 1C and 
1D. As can be seen, fluorescence does not change 
even when staining occurs after fixation and drying. 

Referring to FIG. 3, the effects of air drying verus 
f reeze-drying on normal PBMC is seen for cells dried so 
in the presence of a solution of PBS or PBS containing 
10% trehalose. Comparing FIG.s 2A with 2C and 2B 
with 2D, it can be seen that light scatter properties of 
the cells change, particularly with respect to forward 
scatter. Comparing FIG.s 2A with 2B and 2C with 2D, 55 
it can be seen that light scatter again changes be- 
tween PBS and trehalose, albeit less than that ob- 
served between air-drying and f reeze-drying. 



Freeze-drying in the presence of trehalose is prefer- 
red, however. 

Referring to FIG. 3, HPB-ALL cells (a human T 
cell lymphoma line) were fixed in 0.1% paraformalde- 
hyde and examined directly (A) or after freeze-drying 
in a solution of PBS (B) or PBS containing 10% tre- 
halose (C) and rehydration. As in FIG. 2, the light 
scatter properties of cells dried in trehalose are su- 
perior to the light scatter properties of cells dried in 
PBS alone (Le., FIG. 3C is more like FIG. 3A than FIG. 
3B is like FIG. 3A). 

FIG. 4 comprises several plots of light scatter for 
unstained C6VL1 cells (a mouse cell thymoma line) 
which have been fixed prior to analysis (A) or which 
have been fixed and then freeze-dried in the pres- 
ence of PBS alone (B) or PBS and 10% trehalose (C). 
In this figure, it can be seen that the light scatter prop- 
erties of the cells freeze-dried with trehalose are sub- 
stantially the same as those from the freshly pre- 
pared cells. The cells freeze-dried in PBS alone do 
not maintain their scatter properties. 

The ability of a stabilizing compound to preserve 
the properties of a labelled cell is set forth in FIG. 5. 
PBMC were fixed in 0.5% paraformaldehyde, re- 
duced with 0.2mg/m! of cyanoborohydride, stained 
with Anti-Leu 4 (FITC) and Anti-Leu 3a (PE) and then 
examined directly (A) or after freeze-drying, storage 
at 4°C and rehydration. The freeze-dried cells were 
stored with a dessicant (to prevent atmospheric mois- 
ture from rehydrating the cells) and fluorescence was 
measured over a period of 1 02 days. As seen in FIG. 
5, there is little or no detectable decrease in fluores- 
cence with time, thus demonstrating the ability of the 
compound to preserve fluorescence. 

Referring to FIG.s 6 and 7, the reduction of fixed 
cells prior to drying in order to stabilize scatter char- 
acteristics and minimize autofluorescence is shown. 
PBMC were fixed in 0.5% paraformaldehyde for 18 
hours and then reduced with 0.2mg/ml of cyanoboro- 
hydride for 24 hours (A-D). Other cells (E-H) were 
fixed but not reduced.' The cells then were freeze- 
dried in a solution of PBS containing 10% (w/v) of tre- 
halose, with the exception of (A) and (E) which were 
analyzed without having been freeze-dried. All cells, 
except (A) and (E), were stored at 4°C in the presence 
of a dessicant 

The scatter (FIG. 6) and autofluorescence (FIG. 
7) properties of the cells was determined an a FACS- 
can™ flow cytometer at days 0, 4, 49 and 102. Com- 
paring (A) through (D) with (E) through (H) in FIG. 6, 
it can be seen that there is no significant change in 
scatter with time for the reduced cells while there is 
a marked change for the non-reduced cells. The lym- 
phocyte population for each scatter profile in FIG. 6 
was estimated by the gates shown and the autofluor- 
escence of the gated lymphocytes is shown in FIG. 7. 
Comparing (A) through (D) with (E) through (H), it can 
be seen that there is no significant change in auto- 
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fluorescence with time for the reduced cells while 
there is a measurable change with time for the non- 
reduced cells. 

To use the dried cells of the present invention as 
a standard in the calibration of or as a control for the 
calibration of the light scatter, compensation and/or 
fluorescence channels of a flow cytometer, cells pre- 
pared as in FIG. 5 may be used. The cells, if previous- 
ly stained with FITC, PE or other flu orach romes ( e.g. , 
peridinin chlorophyll complex, allophycocyanin or 
Texas Red), would be rehydrated and run through the 
flow cytometer. Plots of light scatter and/or fluores- 
cence such as those in FIG.s 5A through 5D would ac- 
company the dried cells as part of a kit If the cells 
were not previously stained prior to drying, the kit 
would contain the same plots as above but also would 
contain the cell markers. For immunofluorescence 
markers, there is no limitation on the invention of eith- 
er the monoclonal antibody portion of the marker or 
the fluorescent portion. Any combination may be 
practiced in this invention. 

The methods for adjusting the sensitivity of a flow 
cytometer will follow from the manufacturer's direc- 
tions. 

In another embodiment of the invention, cells 
which were fixed and reduced prior to f reeze-drying 
in the presence of the protein, membrane stabilizing 
compound could be provided in a kit along with cell 
markers. The dried cells then would be handled in the 
same manner as the cells to be labelled in a sample. 
Staining profiles for the dried cells could be provided 
and a comparison made as a control. Any deviation 
from the profile would indicate that the tagging of the 
cells in the sample is suspect. These cells could be 
provided dried in a capillary tube, dried onto a slide 
or dried into some other container, such as a reagent 
vial, for use in cellular analysis. 

In still another embodiment of the invention, cells 
which were fixed and reduced, whether labelled with 
cell markers or not, prior to f reeze-drying in the pres- 
ence of the protein, membrane stabilizing compound 
could be provided in a kit The dried cells then would 
be used as a reference standard with which the cells 
in a sample could be compared. Again, these cells 
could be provided dried in a capillary tube, dried onto 
a slide or dried into some other container, such as a 
reagent vial, for use in cellular analysis. 

All publications and patent applications men- 
tioned in this specification are indicative of the level 
of ordinary skill in the art to which this invention per- 
tains. 



Claims 

1. A dried mammalian cell useful as a standard or 
control in an immunoassay wherein the cell is 
fixed with a fixative agent, reduced with a 



Schiff s base reducing agent and then dried in 
the presence of a protein and membrane stabil- 
ising compound. 

5 2. The cell of claim 1 wherein the stabilising com- 
pound is a disaccharide. 

3. The cell of claim 2 wherein the stabilising com- 
pound is trehalose. 

10 

4. The cell of claim 1 wherein the cell is dried below 
the freezing point of water. 

5. The cell of claim 1 wherein the cell is stained with 
15 one or more cell markers. 

6. The cell of claim 5 wherein the cell is stained be- 
fore drying. 

20 7. Dried human normal peripheral blood mononu- 
clear cells useful as a standard or control in cali- 
brating light scatter and f luroescence channels in 
a flow cytometer wherein the cells are fixed with 
a fixative, reduced with a Schiff s base reducing 

25 agent, labelled with one or more immunofluores- 

cent markers and then dired in the presence of a 
protein and membrane stabilising compound. 

8. The cells of claim 7 wherein the concentration of 
30 the stabilizing compound trehalose is between 

0.5% and 20% by weight. 

9. The cells of claim 8 wherein the concentration of 
trehalose is 5%. 

35 

1 0. A method of providing a control for an immunoas- 
say staining procedure wherein cells In a sample 
and control cells are simultaneously stained with 
one or more cell markers comprising a control cell 

40 fixed with a fixative, reduced with a Schiff s base 

reducing agent and then dried in the presence of 
a protein and membrane stabilising compound 
wherein the dried cell is rehydrated combined 
with the cells in the sample and stained simulta- 

45 neously with one or more cell markers. 



Patentanspruche v 

so 1. Getrocknete Saugerzelle, die als Standard oder 
Kontrolle bei einem Immuntest von Nutzen ist, 
worin die Zelle mit einem Fixierungsmittel fixiert 
wird, mit einem Schiffschen Basen-Reduktions- 
mittel reduziert wird und dann in Anwesenheitei- 

55 ner protein- und membranstabilisierenden Ver- 

bindung getrocknet wird. 

2. Zelle nach Anspruch 1 , worin die stabilisierende 
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Verbindung ein Disaccharid ist. 

3. Zelle nach Anspruch 2, worin die stabilisierende 
Verbindung Trehalose ist. 

4. Zelle nach Anspruch 1, worin die Zeile unterhalb 
des Gef rierpunkts von Wasser getrocknet wird. 

5. Zelle nach Anspruch 1, worin die Zelie mit einem 
oder mehreren Zell-Markern gefarbt wird. 

6. Zelle nach Anspruch 5, worin die Zelle vor dem 
Trocknen gefarbt wird. 

7. Mononukieare normate getrocknete menschliche 
periphere Blutzellen, die als Standard oder Kontrol- 
le bei der Eichung von Lichtstreuungs- und Fluores- 
zenzkanalen in einem Durchflud-Zytometer von 
Nutzen sind, worin die Zeiien mit einem Fixierungs- 
mittel f ixiert werden, mit einem Schiffschen Basen- 
Reduktionsmittei reduziert werden, mit einem oder 
mehreren immunofluoreszenten Marker n mar- 
kiert werden und dann in Anwesenheit einer pro- 
tein- und membranstabilisierenden Verbindung 
getrocknet werden. 

8. Zellen nach Anspruch 7, worin die Konzentration 
der stabilisierenden Verbindung Trehalose zwi- 
schen 0,5 und 20 Gew.-% liegt. 

9. Zellen nach Anspruch 8, worin die Konzentration 
der Trehalose 5% betragt. 

10. Verfahren zur Bereitstellung einer Kontrolle fur 
ein Immuntest-Farbeverfahren, worin Zellen in 
einer Probe und Kontrollzellen gieichzeitig mit ei- 
nem oder mehreren Zell-Markern gefarbt wer- 
den, welche eineKontrollzelle aufweisen, die mit 
einem Fixierungsmittel f ixiert worden ist, mit ei- 
nem Schiffschen Basen-Reduktionsmittel redu- 
ziert worden ist und dann in Anwesenheit einer 
protein- und membranstabilisierenden Verbin- 
dung getrocknet worden ist, worin die getrockne- 
te Zelle rehydriert mit den Zellen in der Probe 
kombiniert und gieichzeitig mit einem oder meh- 
reren Zell-Markern gefarbt wird. 



Revendications 

1. Cellule de mammifere sechee utilisable comme 
etalon ou controle dans un immuno-essai, la cel- 
lule etant fixee parun agent fixateur, reduiteavec 
un agent de reduction de base de Schiff avant 
d'etre sechee en presence d'un compose stabili- 
sateur de proteine et de membrane. 

2. Cellule selon la revendication 1 , dans iaquelle le 



composant stabilisateur et un disaccharide. 

3. Cellule selon la revendication 2, dans Iaquelle le 
compose stabilisateur est du trehalose. 

5 

4. Cellule selon la revendication 1, la cellule etant 
sechee au-dessous du point de congelation de 
I'eau. 

10 5. Cellule selon la revendication 1, la cellule etant 
coloree avec un ou plusieurs marqueurs de cel- 
lule. 

6. Cellule selon la revendication 5, la cellule etant 
15 coloree avant le sechage. 

7. Cellules mononucleates de sang peripherique 
normal humain sechees utiiisables comme eta- 
lon ou controle pour le calibrage de canaux de 

20 dispersion de la lumiere et de fluorescence dans 

un cytometre af lux, les cellules etant f ixees avec 
un fixateur, reduites avec un agent de reduction 
de base de Schiff, marquees avec un ou plu- 
sieurs marqueurs immunofluorescents avant 

25 d'etre sechees en presence d'un compose stabi- 

lisateur de proteine et de membrane. 

8. Cellules selon la revendication 7, dans lesquelles 
la concentration du compose stabilisateur du tre- 

30 halose represente de 0,5% a 20% en poids. 

9. Cellules selon la revendication 8, dans lesquelles 
la concentration du trehalose est de 5%. 

35 10. Procede de fourniture d'un contr6le pour un pro- 
cede de coloration d'un immuno-essai, dans le- 
quel les cellules dans un echantillon et des cellu- 
les de controle sont simuitanement colorees 
avec un ou plusieurs marqueurs de cellule, 

40 comprenant une cellule de contrdle fixee par un 

fixateur, reduite par un agent reducteur de base 
de Schiff avant d'etre sechee en presence d'un 
compose stabilisateur de proteine et de membra- 
ne, la cellule sechee etant rehydratee en combl- 

45 naison avec les cellules de I'echantillon et colo- 

ree simuitanement avec un ou plusieurs mar- 
queurs de cellule. 

v 

50 
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